Mycoplasma hyopneumoniae is considered the major causative agent of porcine respiratory disease complex, occurs worldwide and causes major economic losses to the pig industry. To gain more insights into the pathogenesis of this organism, the high throughput cDNA microarray assays were employed to evaluate host responses of porcine alveolar macrophages to M. hyopneumoniae infection. A total of 1033 and 1235 differentially expressed genes were identified in porcine alveolar macrophages in responses to exposure to M. hyopneumoniae at 6 and 15 hours post infection, respectively. The differentially expressed genes were involved in many vital functional classes, including inflammatory response, immune response, apoptosis, cell adhesion, defense response, signal transduction, protein folding, protein ubiquitination and so on. The pathway analysis demonstrated that the most significant pathways were the chemokine signaling pathway, Toll-like receptor signaling pathway, RIG-I-like receptor signaling pathway, nucleotide-binding oligomerization domains (Nod)-like receptor signaling pathway and apoptosis signaling pathway. The reliability of the data obtained from the microarray was verified by performing quantitative real-time PCR. The expression kinetics of chemokines was further analyzed. The present study is the first to document the response of porcine alveolar macrophages to M. hyopneumoniae infection. The data further developed our understanding of the molecular pathogenesis of M. hyopneumoniae.
Introduction
Mycoplasma hyopneumoniae is the etiological agent of swine enzootic pneumonia, a chronic nonfatal disease affecting pigs of all ages. It is characterised by high morbidity and low mortality, resulting in significant economic losses due to decreased performance of pigs and the cost of medication [1] . M. hyopneumoniae predisposes animals to concurrent infections with other respiratory pathogens including bacteria, parasites and viruses. M. hyopneumoniae is also considered to be one of the primary agents involved in the porcine respiratory disease complex (PRDC) [2] .
M. hyopneumoniae has been found to attach to the cilia of epithelial cells in the lungs of swine. They cause cilia to stop beating (ciliostasis), clumping and loss of cilia, eventually leading to epithelial cell death, which is the source of the lesions found in the lungs of pigs with porcine enzootic pneumonia [3] . On a cellular level, mononuclear cell infiltration of peribronchiolar and perivascular areas occurs. Then, M. hyopneumoniae actively suppresses immune systems of the host during early stages of pneumonia by inhibiting macrophage-mediated phagocytosis. The response of the host immune system causes the lesions seen in the lung tissue of infected swine by increasing phagocytic and cytotoxic activities of macrophages and initiating the chronic inflammatory response [4] . Increased production of proinflammatory cytokines, including interleukin (IL)-1b, tumor necrosis factor (TNF)-a, IL-6, IL-8 and IL-18 in the M. hyopneumoniae infected host also leads to a greater recruitment of neutrophils [4] [5] [6] [7] [8] [9] . However, the factors involved in promoting protective immunity and/or the inflammatory responses against M. hyopneumoniae are not fully understood, and the cellular sensors and signaling pathway involved in these process has not yet been elucidated.
Innate immunity is the first line of defense for host protection against invading pathogens. Pattern recognition receptors (PRRs) are expressed in cells of the innate immune system, it include Tolllike receptors (TLR), RIG-I-like receptors (RLR) and NOD-like receptors (NLR). Pathogen-associated molecular patterns (PAMPs), derived from different pathogens, are recognized by PRRs, resulting in the release of inflammatory cytokines and interferons, and the boosting of host defenses. As a major component of the host innate immunity, macrophages have essential roles in host defense to infection [10, 11] . Host-pathogen interactions during M. hyopneumoniae infection are complicated, the interactions between M. hyopneumoniae with porcine alveolar macrophages have been less studied [7, 8] , but the detailed mechanisms of how porcine alveolar macrophages response to M. hyopneumoniae infection are not well elucidated. To study the molecular mechanisms underlying the host response to pathogenic microorganisms in macrophages, microarrays have been widely used in recent years [12] [13] [14] [15] . In the current study, we applied this high throughput cDNA microarray assay to improve our understanding of the innate immune response of macrophages to M. hyopneumoniae infection.
Results

Gene expression analysis during M. hyopneumoniae infection
To investigate the pathogenesis of M. hyopneumoniae, the differential gene (DE) expression profile of PAM, after infection with M. hyopneumoniae was determined. Genes whose relative transcription levels showed a fold change (FC)$2 (p#0.05) were considered to be up-regulated, and those with a FC#0.5 (p#0.05) were considered to be down-regulated. Genes whose relative transcription levels had a FC greater than 0.5 or less than 2 were considered to have no notable change in expression levels. In this study, 1033 and 1235 DE genes were detected for active infection with M. hyopneumoniae compared with the control group at 6 and 15 hpi, respectively, p#0.05 ( Figure 1A and 1C) . At 6 hpi, 747 genes were up-regulated and 286 down-regulated, whilst at 15 hpi 706 genes were up-regulated and 529 down-regulated.
qRT-PCR validated DE genes
Microarray experiments yield a large amount of data, therefore it is important to validate differential expression by independent methods. To confirm the statistical significance of our findings, we performed quantitative real-time PCR (qRT-PCR) analysis on the relevant genes from our original samples used in the microarray study. Five up-regulated and five down-regulated genes, were selected for qRT-PCR analysis. Table 1 compares the results obtained from the microarray analysis with those of qRT-PCR. The results demonstrated that changes in expression levels of the ten selected genes as detected by qRT-PCR, were consistent with the changes (up-regulation or down-regulation) predicted by microarray analysis. However, the FCs differed markedly between microarray and qRT-PCR. This discrepancy may be attributable to technical differences encountered in the methods of analysis and 
Analysis of DE genes by gene ontology (GO)
All DE genes were annotated on the basis of the gene ontology (GO) database using Visualization and Integrated Discovery (DAVID). At 6 hpi, the DE genes mainly clustered into functional groups: inflammatory response (e.g. IL-1b, CCL4, CXCL10, CD14, TNF-a), immune response (e.g. TLR2, NFKBIA, IL7R, IL-8), apoptosis and anti-apoptosis (e.g. CASP10, BCL2A1, PIK3R1, NFKBIA, BTG2, PSEN1), programmed cell death (e.g. CXCR4, SOD2, NFKB1, PRK), defense response (e.g. TLR2, S100A8, CCL3L1, CD40), signal transmission, signal transduction cytokine production, I-kappaB kinase/NF-kB cascade and so on ( Figure 1B) .
Of interest, was the over-expression of up-regulated genes associated with immune responses and inflammatory responses, suggesting an important role for these genes in M. hyopneumoniae infections ( Table 2) . Of these genes, 20 genes were up-regulated more than five-fold, and 8 genes (CCL4, IL1b, IL1a, CCL2, ISG15, CCL8, LOC780407, CXCL2) up-regulated more than 10-fold.
In addition to the functional groups observed at 6 hpi (namely inflammatory response, immune response, apoptosis, programmed cell death, signal transduction and so forth), the following functional groups of DE genes were observed at 15 hpi: cell-cell adhesion (e.g. CD274, CCN2, CLDN7, CD2), protein ubiquitination (e.g. MAPK9, PSMB8, PSMD10, PSMA5, ISG15), T cell proliferation, protein transport and so forth ( Figure 1D ). Similarly, a greater number of genes associated with immune and inflammatory responses were found at 15 hpi (Table S1 ).
Pathway analysis
To gain insights into the different biological processes associated with M. hyopneumoniae infections at different times post-infection, pathway mapping of DE genes according to the Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway database was performed. At 6 hpi, the predominant pathways included the cytokine-cytokine receptor interaction, chemokine signaling pathway, RIG-I-like receptor signaling pathway, Toll-like receptor signaling pathway, nucleotide-binding oligomerization domains (Nod)-like receptor (NLR) signaling pathway, proteasome, apoptosis signaling pathway, Cell adhesion molecules, Jak-STAT signaling pathway and PPAR signaling pathway. These results suggest that at an early stage of infection, the host initiated different strategies to activate immune and inflammatory responses to prevent infection (Table 3) . At 15 hpi, the phagosome, antigen processing and presentation, protein processing in endoplasmic reticulum became the most significant pathways. Other dominant pathways at late stages of infection included phagosome, RIG-I-like receptor signaling pathway, PPAR signaling pathway gap junction and tight junction (Table S2) .
STRING analysis of the relationships between DE genes
DE genes were analyzed using STRING for predicting network of proteins encoded by DE genes [16, 17] . Predictions of functional association networks for all DE genes encoded proteins at 6 hpi are presented in Figure 2 . The results indicated that genes MAP3KB, NFKB1, TNF, IL-1b, IL-8, TLR2, IKBA, BCL2L1, CD14, CXCR4, CXCL10 and IL-1R2 are associated according to experimental evidence, with involvement in many signaling pathways and other immune responses. The IL-1b, TLR2, PLK2, TNF-a, IKBA, IL-18 and TANK genes are involved in the NF-kappa-B pathway and in other immune responses. According to the STRING analysis a number of proteins (e.g. IL-1b, NFKB1, TLR2, IRF3, IL-7R, S100A8, BCL2A1, and ISG15) are integral molecules, linking to other proteins. However, many proteins failed to link to other proteins, and as such their functions were unrelated or unknown.
Based on database evidence, inflammatory cytokines IL-1b, IL-8 and TNF-a are the central genes of these protein interaction networks. According to text mining data, more than 60 DE genes were associated with inflammatory cytokines, including MYD88, Table 3 . DE genes analysis base on KEGG at 6 hpi.
Pathway Name Number Gene Cytokine-cytokine receptor interaction  15  CCL2, CCL3L1, CCL4, CD40, CXCL10, CXCR4, IFNAR2, IL10RB, IL18, IL1A, IL1B, IL1R2, IL7R, IL8, TNF   Chemokine signaling pathway  13  CCL2, CCL3L1, CCL4, CCL8, CRK, CXCL10, CXCL2, CXCL2, CXCR4, IL8, NFKB1, NFKBIA, SRC   RIG-I-like receptor signaling pathway  11  CASP10, CXCL10, DHX58, IFIH1, IL8, IRF3, ISG15, NFKB1, NFKBIA, TANK, TNF   Toll-like receptor signaling pathway  11  CD14, CD40, CXCL10, IFNAR2, IL1B, IL8, IRF3, NFKB1, NFKBIA, TLR2, TNF   NOD-like receptor signaling pathway  8  CCL2, IL18, IL1B, IL8, NFKB1, CD14, AKT1, IRF7, IRF3, CCL4, CCL8, CCL2, CXCL2, CXCL10, BCL2A1, PPARG, CD40, ADORA3 and so on.
Expression analyses of chemokines
When compared with the mock-inoculated PAMs, M. hyopneumoniae-infected PAMs inducted significantly higher levels of the chemokines from the transcription analysis data ( Table 2) . To understand the pattern of some chemokines expression in PAMs infected with M. hyopneumoniae, RNAs were extracted at different times post inoculation from the infected group and controls, and subjected to qRT-PCR analysis. The results showed that PAMs infected with M. hyopneumoniae exhibited significantly increased expression of CCL4, CXCL2 and CXCL10 mRNA at 6 h postinfection, and decreased at a steady-state level, with maximal production at 6 h post-infection. The CCL8 exhibited significantly increased expression at 6-24 h post-infection, and the maximal production was at 12 h post-infection ( Figure 3 ).
Discussion
M. hyopneumoniae is the primary cause of a chronic respiratory disease in pigs. And Mycoplasma infection correlates with the infection of other secondary respiratory pathogens by inducing the immunomodulation of host animals [18] [19] [20] [21] . However, the mechanisms of immunomodulation are elusive. The previous study reported that the lung tissue injury about M. hyopneumoniae infections appear to be mainly caused by the host response [22] . And it indicated that the expression of proinflammatory cytokines were increased in the lung of M. hyopneumoniae-infected pigs [4] [5] [6] [7] [8] [9] . These studies also suggested that the activation of host immune system played an important role in the pathogenesis and immune mechanisms for M. hyopneumoniae infection. Despite the fact that the current vaccine strategy can efficiently control M. hyopneumoniae infection, immunization failures exist in the field, and the molecular mechanisms underlying PRDC caused by M. hyopneumoniae remain largely unknown [23] . The present study aimed to identify genes involved in the immune response against M. hyopneumoniae in primary alveolar macrophages. Furthermore, by generating a comprehensive transcriptomic profile of the temporal M. hyopneumoniae pathogenic process in the host cells, we hoped to gain insights into the underlying molecular interactions and signaling pathways in the M. hyopneumoniae infection process.
This study is the first to report the use of GeneChip Porcine Genome Array for the investigation of transcriptional responses to M. hyopneumoniae infection. We found that more than 2000 transcripts with significant differential expression were produced in response to M. hyopneumoniae infections of PAM (Figure 1) . Results from Gene Ontology, KEGG pathway and STRING analysis suggested that these DE genes belonged to a variety of functional categories and signal pathways.
Analysis of the expression of porcine genes after infection with M. hyopneumoniae showed that a large set of DE genes were involved in the immune response. TLR signaling plays an essential role in the innate immune response. TLR2 (up-regulated 2.22-fold) belongs to the TLR family and is expressed most abundantly in PAM (Table 2 ). TLR2 mediates the host response to mycoplasmal lipoproteins and has a fundamental role in pathogen recognition and activation of innate immunity. NF-kB (upregulated 7.19 fold) is a family of inducible transcription factors involving pathogen-or cytokine-induced immune and inflammatory responses as well as cell proliferation and survival [24, 25] . The previously study indicated that M. hyopneumoniae infection could induce pro-inflammatory cytokines by the activation of the NF-kB [26] . These studies implied that M. hyopneumoniae might have developed sophisticated strategies for activation or inhibition of NF-kB pathway in order to survive in host cells. Further investigation to evaluate the exact mechanisms of M. hyopneumoniae in modulating NF-kB pathway will be required. Another receptor for bacteria, CD14 (up-regulated 2.85-fold) cooperates with TLR4 (which also recognizes lipopolysaccharides) via MYD88, leading to inflammatory responses in mycoplasmal infections [27, 28] . The signal transducer MYD88 (up-regulated 2.1 fold) is an adapter for almost all TLR signaling pathways, and acts via interferon regulatory factor 7 (IRF7), leading to activation of NF-kB, cytokine secretion and the inflammatory response. It was similar to the reports, which suggested that the interaction of M. arthritidis mitogen with TLR2 and TLR4 might play an important role in disease outcomes by M. arthritidis [29] .
Many DE genes in this study are involved in the inflammatory response, including CCL4, IL-1b, IL-1a, CCL2, CCL8, CXCL2, TNF-a, CXCL10, IL-8, S100A8, PPARG; (peroxisome proliferator-activated receptor gamma), CD40 and so on. Furthermore, eleven genes involved with the TLR signaling pathway, eleven with the RLR signaling pathway, eight with the NLR signaling pathway, and thirteen with the chemokine signaling pathway, were found to be regulated (Table 3) . These results reflect the upstream signal cascades that could lead to secretion of inflammatory cytokines and chemokines.
Cytokines and chemokines are central mediators during hostpathogen interactions, including the clearance of invading microorganisms, as well as the initiation, progression, and resolution of inflammation in response to various microbes. In this study, chemokines CCL4, CCL2, CCL8, CXCL2 and CXCL10 was up-regulated more than 5-fold. CCL4, also known as macrophage inflammatory protein-1b (MIP-1b) is a CC chemokine with specificity for CCR5 receptors. It is a chemoattractant for natural killer cells, monocytes and a variety of other immune cells [30] . Cytokine CCL2 (chemokine (C-C motif) ligand 2, up-regulated 26.14-fold) is thought to bind to chemokine receptors CCR2 and CCR4. Studies demonstrating the contribution of T cells to disease pathogenesis, suggest the recruitment of T cells by chemokines (CCL4 and CCL8) elicited at the site of infection would most likely contribute to the pathogenesis of mycoplasma disease [31] . CXCL2 and CXCL10 are chemokines of the CXC subfamily, and CXC chemokines are particularly significant for leukocyte infiltration in inflammatory diseases. The expression kinetics of some chemokines showed that PAMs infected with M. hyopneumoniae exhibited significantly increased expression of these chemokines mRNA at 6 h post-infection, and decreased at a steady-state level, with maximal production at 6 h post-infection (Fig. 3A, 3C and 3D ). It suggested that M. hyopneumoniae induced an inflammatory response at the early time point (6 HPI) of infection.
IL-1b, IL-8 and TNF-a are acute-phase proinflammatory mediators that promote inflammation and induce fever, tissue destruction, and, in some cases, shock and death [32] , they play an integral role in shaping the inflammatory response against pathogens. Our study showed that M. hyopneumoniae could induce IL-1b, IL-8 and TNF-a expression (Table 2 ) in PAMs at 6 hpi. These results are in good agreement with previous study [4] [5] [6] [7] [8] [9] . These results suggested that M. hyopneumoniae infection modulates the immune response of pigs by inducing several cytokines, and promotes the inflammatory response. Then it maybe cause immunosuppression to infected pigs.
Cell adhesion molecules (CAMs) perform various functions in fundamental cellular processes, including polarization, movement, proliferation and survival [33] . We discovered several DE genes that were related to cell adhesion during M. hyopneumoniae infection, including CD274, CLDN4, CLDN7, ITGB8, SDC4 and VCAM1. CD274 (up-regulated 4.11-fold) also known as programmed cell death 1 ligand 1 (PD-L1), which has been speculated to play a major role in suppressing the immune system during particular events such as pregnancy, tissue allografts, autoimmune disease and other disease states [34] . The VCAM-1(up-regulated 2.68-fold) also known as vascular cell adhesion molecule 1 or cluster of differentiation 106 (CD106), mediates the adhesion of lymphocytes, monocytes, eosinophils, and basophils to vascularendothelium. It also functions in leukocyte-endothelial cell signal transduction [35] . These cell adhesion molecules maybe play a important role in pathogenicity of M. hyopneumoniae.
Apoptosis plays an essential role in the development and maintenance of homeostasis in multicellular organisms. Moreover, apoptosis plays a crucial role in the pathogenesis of a number of infections [36] . Apoptosis is often considered as an innate defense mechanism that limits pathogen infection by eliminating infected cells. Bai et al indicated that the LAMP derived from M. hyopneumoniae induced apoptosis in porcine alveolar macrophage cell line through enhancing the production of NO, superoxide burst, and activation of caspase-3 [37] . In this study, 34 of the DE genes identified were known to be involved in apoptosis after M. hyopneumoniae infection. Such as, the caspase-10, TIMP1 (tissue inhibitor of metalloproteinases 1), BCL2-related protein A1, and PMAIP1 (Phorbol-12-myristate-13-acetate-induced protein 1) were up-regulated at 6 hpi to various degrees. Furthermore, seven genes were involved in the apoptosis signaling pathway (Table 3) . BCL2-related protein A1 belongs to the Bcl-2 protein family, and is considered a pivotal player in apoptosis, especially for mitochondria-mediated apoptosis. Expression of PMAIP1 is regulated by the tumor suppressor p53, and PMAIP1 has been shown to be involved in p53-mediated apoptosis [38] . The glycoprotein TIMP1 is expressed from several tissues of biological organisms, is able to promote cell proliferation in a wide range of cell types, and may also possess an anti-apoptotic function [39] . Not surprisingly, pathogens target these proteins to induce or inhibit apoptosis. These findings were beneficial to research the mechanisms about M. hyopneumoniae infection induces apoptosis, and will contribute to a greater understanding of pathogenesis.
In summary, this is the first study to evaluate the gene expression profile of M. hyopneumoniae infected PAMs in vitro. Microarray analysis showed that the expressions of more than 2000 genes were altered after M. hyopneumoniae infection. These DE genes were involved in the inflammatory response, innate immune response, apoptosis, defense response, signal transduction, cell adhesion and so on. The data generated from the analysis of the overall pattern of innate immune signaling and proinflammatory, apoptotic and cell adhesion pathways activated by M. hyopneumoniae infection, could be used to screen potential host agents for reducing prevalence of M. hyopneumoniae infection, and to develop a greater understanding of the pathogenesis of M. hyopneumoniae.
Materials and Methods
Ethics
All pigs were purchased from the farm of Jiangsu Center of Disease Control, Nanjing, China. The healthy pigs (serologically negative for PRRSV, M. hyopneumoniae and porcine circovirus type 2) were sacrificed by the bloodletting after anesthesia under ethical approval granted by the Jiangsu Academy of Agricultural Sciences. The protocol was approved by the Science and Technology Agency of Jiangsu Province. The approval ID is NKYVET 2012-0035, granted by the Jiangsu Academy of Agricultural Sciences Experimental Animal ethics committee. All efforts were made to minimize animal's suffering. The PAMs were obtained from the sacrificed pigs under ethical approval for the purposes of research. The diseased piglets were not sacrificed.
M. hyopneumoniae and cells
M. hyopneumoniae field strain XLW-1 was isolated from diseased pigs in Jiangsu Province, China. Porcine alveolar macrophages (PAMs) obtained from three 4-5-week-old M. hyopneumoniae-negative piglets, and serologically negative for PRRSV and porcine circovirus type 2 (PCV2), were prepared as described previously [14, 15] . Prior to infection, PAMs were mixed and confirmed negative for M. hyopneumoniae, PRRSV, PCV2, pseudorabies virus, and classical swine fever virus by PCR and RT-PCR. RPMI 1640 medium and fetal bovine serum (FBS) were obtained from GIBCO (Invitrogen). The isolated cells were grown and maintained in RPMI 1640 medium containing 10% (v/v) FBS at 37uC with 5% CO 2 .
In order to simulate natural conditions of M. hyopneumoniae infection, the tracheal ring were infected first. Tracheas were collected as previously described [40] . Briefly, the tracheas were excised aseptically from pigs and submerged in chilled PBS. Tracheas were washed with PBS, and transverse sections (approximately 0.5 cm thick) were prepared by making an incision between the tracheal rings. Each tracheal ring was placed in a 30-mm culture plate insert (Millipore, Bedford, Mass.) containing 3 ml of complete medium.
Experimental design
The controls included uninfected PAMs and tracheas. M. hyopneumoniae (10 8 CCU/ml) was inoculated onto the tracheal rings 10 h prior to their addition to PAMs (approximately 10 7 cells). The M. hyopneumoniae group included the M. hyopneumoniae-infected tracheal ring, and the corresponding supernatant was transferred to culture PAMs. The mixture incubated at 37uC with 5% CO 2 . PAMs were harvested from the vessels' surface with a cell scraper at 6 and 15 hpi, and stored at 280uC until use.
RNA preparation
Total RNA were extracted from PAM of each groups with Trizol (Invitrogen) then quantified using the Nano-Drop 1000 Spectrophotometer (Thermo Fisher Scientific Inc., USA). The quality of the RNA was checked by formaldehyde denaturing gel electrophoresis in 1.2% agarose gels, which showed dispersed bands (28S and 18S) without any obvious smearing patterns that would indicate degradation.
Microarray hybridization
The RNA samples were sent to KangChen Bio-tech, China, for microarray hybridization. Each RNA sample from different PAM treatments was hybridized to one Roche NimbleGen Porcine Genome Expression Array (Roche). Briefly, double-stranded cDNA was synthesized from 6 mg of total RNA using a T7-oligo (dT) primer. The cDNA was further purified and converted into cRNA using an in vitro transcription reaction. Five mg cRNA was reverse transcribed to cDNA, fragmented, and then labeled with Cy3-dCTP (GE Healthcare) using Klenow. These labeled cDNA fragments were hybridized to NimbleGen Porcine Genome Expression Arrays for 16 h at 42uC using the Roche NimbleGen Hybridization System. Afterwards, the GeneChips were washed, stained, and then scanned with a Roche-NimbleGen MS200. The Roche NimbleGen Porcine Genome Expression Array contains over 135,000 probe sets, representing 45,023 transcripts and variants of pig from the database of RefSeq, Unigene and TIGR.
Microarray data analysis
Raw data and statistical analyses were performed with Feature Extraction software. Normalization was performed per chip (normalized to 50th percentile) and per gene (normalized to the median) respectively. A statistical analysis of variance (ANOVA) model was applied to the data and the significance was showed by accepting a false discovery rate (FDR) of 0.05. A further cut-off threshold was applied based on a fold change of 2.0 between infected and control cells. Then all the DE genes were performed for hierarchical cluster (Ver.3.0) and TreeView (Ver.1.1.1) analyses. Genes with significant similarities to the transcripts in nr database based on BLASTX searches were selected for GO analysis, performed by MAS 3.0 software which was based on DAVID database (CapitalBio, Beijing, China). Annotation results were obtained by inputting the list of gene symbol as identifier. The pathway analysis was done by using the MAS 3.0 software which was based on the Kyoto Encyclopedia of Genes and Genomes (KEGG) database (http://www.genome.jp/kegg/ pathway.html). Differentially expressed (DE) genes in porcine PAM infected with WD or KO were analyzed using STRING (http://string-db.org/), a database of known and predicted protein interactions. The raw and processed data discussed in this publication have been deposited in NCBI's Gene Expression Omnibus and are accessible through GEO series accession number GPL17577.
Quantitative RT-PCR analysis
Quantitative RT-PCR (qRT-PCR) was used to validate selected data from the microarray experiments, and to follow the expression of a subset of genes over time. For each group, total RNA was extracted from PAMs using Trizol (Invitrogen), and 5 mg included as template for first strand cDNA synthesis using the Superscript II cDNA amplification System (Invitrogen), according to the manufacturer's instructions. GAPDH was included as an endogenous control. The specific primers used in the qRT-PCR assays are listed in Table 1 . qRT-PCR was performed in triplicate for all reactions using the SYBR green detection system and an ABI 7500 real-time PCR system (Applied Biosystems, Warrington, UK). Relative standard curves for target and endogenous control primer pairs were performed to verify comparable PCR efficiencies, and once established the comparative (2-delta-delta) Ct method was applied.
Expression analyses of chemokines
Total RNA was extracted from PAMs harvested at different times post-inoculation from each infection groups. CCL4, CCL8, CXCL2, CXCL10 expression were measured using specific primers (Table 1) and qRT-PCR, as described above. GAPDH was used as the endogenous control.
Statistical analysis of qRT-PCR data
Statistical analyses were carried out using Microsoft Excel 2007 (Microsoft Co., USA). Differences between groups were assessed by one-way repeated measures ANOVA, followed by Tukey's multiple comparison tests. P-values less than 0.05 were considered to be statistically significant. 
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